Metamorphism in the Belfast Area, Maine by New England Intercollegiate Geological Conference (NEIGC)
University of New Hampshire 
University of New Hampshire Scholars' Repository 
NEIGC Trips New England Intercollegiate Geological Excursion Collection 
1-1-1974 
Metamorphism in the Belfast Area, Maine 
New England Intercollegiate Geological Conference (NEIGC) 
Follow this and additional works at: https://scholars.unh.edu/neigc_trips 
Recommended Citation 
New England Intercollegiate Geological Conference (NEIGC), "Metamorphism in the Belfast Area, Maine" 
(1974). NEIGC Trips. 205. 
https://scholars.unh.edu/neigc_trips/205 
This Text is brought to you for free and open access by the New England Intercollegiate Geological Excursion 
Collection at University of New Hampshire Scholars' Repository. It has been accepted for inclusion in NEIGC Trips 
by an authorized administrator of University of New Hampshire Scholars' Repository. For more information, please 
contact nicole.hentz@unh.edu. 
METAMOKPHISM IN THE BELFAST AREA, MAINE
Charles E. Bickel 
San Francisco State University, California
A-l
Introduction
On this excursion we will consider regional metamorphism in the Brooks 
and Belfast 15 minute Quadrangles. This area lies near the northeastern 
terminus of high grade metamorphism in New England (Thompson and Norton, 1968). 
Five compositional groups of stratified rocks have been metamorphosed in the 
Belfast area:
1. Pelitic (quartzose-aluminous) rocks - normal pelite; siltstone or 
wacke without carbonate minerals
2. Calcic-aluminous rocks - limey pelite, limey siltstone, and limy 
wacke
3. Calcareous rocks - limestone and dolomitic limestone; the ratio of 
Mg:Fe ic much greater in this group than in group 2
4. Mafic rocks - mafic and intermediate volcanic rocks
5. Quartzo-feldspathic rocks - felsic volcanic rocks; arkosic sediment
The metamorphism of rocks belonging to groups 1 and 2 is emphasized on this 
trip. Recrystallization of the rocks was contemporaneous with their folding, 
and occurred at low pressure. The age of metamorphlsm is discussed in the
foreword of this guidebook. Some of the granites identified on Figure 1 are 
foliated and are contemporaneous with the regional metamorphlsm. Others are
unfoliated and are interpreted to cut the regional isograds. Field studies 
of the area are nearly completed, but much petrographic and analytical work 
remains to be done.
Stratigraphic units referred to in the text and itinerary are described 
by: Bickel (1971), Bickel (in press), Cheney (1967), Doyle and Warner (1965), 
Ludman and Griffin (this guidebook), Osberg (1968), Osberg et al. (1968), 
Osberg and Guidotti (this guidebook), and Perkins and Smith (1925).
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Distribution of the Zones of Prograde Metamorphism
Figure 1 shows the distribution of the metamorphic zones in the Brooks 
and Belfast Quadrangles. The zones are separated by isograds each of which 
marks the first appearance of an index mineral or mineral pair in rocks 
belonging to a particular compositional group. The andalusite and sillimanite 
isograds, together with the isograd separating the lower and upper sillimanite 
zone, relate to pelitic rocks. The sillimanite-K feldspar isograd marks the 
first appearance of that mineral pair in pelitic rocks or in aluminous quartzo­
feldspathic gneisses of uncertain origin. Because pelitic rocks are rare in 
the central part of the Brooks Quadrangle, the garnet isograd necessarily is 
based on the first appearance of garnet in either pelitic or mafic rocks. The 
biotite isograd marks the first appearance of biotite in calcic-aluminous 
rocks because rocks of pelitic composition are not found in the northern part 
of the Brooks Quadrangle.
The isograds trend northeasterly, approximately parallel to the contacts 
of stratigraphic units. The lowest grade rocks of the area belong to the 
chlorite zone and lie in the northwestern part of the Brooks Quadrangle. The 
highest grade rocks belong to the sillimanite-K feldspar zone. They occur in 
two separate tracts, one of which lies in the central part of the area and one 
of which crosses the southeastern c o m e r  of the area. There is one tract of
rocks in the biotite zone, but there are two separate tracts of rocks in the
garnet zone and four separate tracts of rocks in the andalusite and sillimanite 
zones.
Data relating to the stratigraphy and metamorphism are confusing in the 
southern part of the Brooks Quadrangle, in the general vicinity of the Sunny 
Side Fault Zone. Possibly there are some lower grade rocks, bounded by 
faults, within the area mapped in the andalusite zone northwest of the fault 
line on Figure 1. The fault zone postdates the regional metamorphism, but 
the exact nature of offset of the isograds in this area is not presently known. 
John Griffin (personal communication, 1973) has noted a drop in metamorphic
grade from the sillimanite-K feldspar zone, southeast of the fault, to the
chlorite zone. This observation was made in the Bucksport Quadrangle, ten 
miles from where the fault leaves the Belfast area.
Prograde Metamorphism of the Stratified Rocks
Significant mineral assemblages of the calcic-aluminous, calcareous, and 
mafic compositional groups of rocks in each zone of prograde metamorphism are 
presented in Table 1. The mineral assemblages of pelitic rocks are represented 
graphically in Figure 2 (Thompson, 1957). All the compositional groups are not 
represented in all the metamorphic zones. Equations are presented below for 
certain metamorphic reactions suggested by petrographic evidence. The distinct­
ion between equations with and without numerical coefficients is explained by 
Thompson and Norton (1968, p. 321). The simplified mineral formulas used in 
most of the equations are those of Thompson and Norton, and many of the equat­
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Figure 2. Diagrammatic Thompson projections of mineral assemblages with
quartz and muscovite. Observed mineral assemblages are indicated: •
2a. Garnet zone. The rocks are not sufficiently aluminous for the devel­
opment of minerals richer in aluminum than garnet or chlorite.
2b. Andalusite zone. The assemblage andalusite-staurolite-biotite always 
includes manganese-bearing garnet.
2c. Lower sillimanite zone (Appleton Ridge Formation). The assemblage
andalusite-staurolite-biotite always includes manganese-bearing garnet.
2d. Lower and upper sillimanite zones, exclusive of the Appleton Ridge
Formation. Andalusite generally is absent from the upper sillimanite 
zone.
2e. Sillimanite-K feldspar zone. Mineral assemblages that include
sillimanite and K feldspar cannot be represented on this projection.
6
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Chlorite zone. The slates and metamorphosed quartz wacke and siltstone 
of the chlorite zone contain minor or abundant carbonate minerals (Table 2). 
Siderite is abundant only in black slates, and perhaps is restricted to them. 
Chlorite is abundant in some slates, but in no other rocks. Sedimentary 
textures generally are preserved. They are modified chiefly by the develop­
ment of slaty cleavage and carbonate porphyroblasts.
Table 2. Electron Microprobe Analyses of Carbonates
from the Chlorite and Biotite Zones
Chlorite Zone Biotite Zone
Location
(Fig. 1) ---- 64- Stop 2 --- 262a
Mol % calcite ankerite ankerite siderite ankerite
Calcite 95.0 52.8 51.5 0.5 52.7
magnesite 1.9 30.4 31.5 42.9 33.3
siderite 2.5 15.8 16.5 56.5 13.3
rhodochrosite 0.6 1.0 0.5 0.1 0.7
Mineral assemblages and rock identifications:
64: quartz-albite-muscovite-pyrite; metamorphosed quartz wacke 
Stop 2: quartz-albite-muscovite-chlorite; black slate 
262a: quartz-albite-muscovite-chlorite-biotite-pyrite;
metamorphosed greywacke
Biotite zone. The biotite isograd marks the first appearance of biotite. 
Limited data suggest that the mineral appears in quartz wacke at lower grade 
than in slate. In the lower biotite zone biotite generally is very fine­
grained, comprising under one percent of the rocks, and therefore the biotite 
isograd cannot be detected in the field. Chlorite is much less abundant in 
the chlorite zone than is biotite in the middle and upper parts of the biotite 
zone, suggesting that biotite was produced by reaction of ankerite and sider­
ite, as well as chlorite, with quartz and muscovite. Siderite is found only 
in slaty rocks near the biotite isograd, but ankerite (Table 2) and Calcite 
occur as minor constituents of rocks throughout the biotite zone. The absen­
ce of amphiboles in the biotite zone deserves comment. In this area, high 
activity of CO 2  apparently inhibited the reaction:
5 ankerite + 8 quartz + ^ 0  — ► actinolite + 3 Calcite + 7 CO^ (1)
High activity of CO 2  relative to H 2 O probably is also responsible for the 
absence of epidote minerals. Relic sedimentary textural features are present 
only in the lower biotite zone. At higher grade in this zone the rocks are 
schistose and purplish due to the growth of megascopic biotite.
7
A-l
Garnet zone. The garnet "isograd" marks the first appearance of garnet 
in rocks of either pelitic or mafic composition. Garnet from both composit­
ional groups of rocks is rich in the spessartite component (Table 3). In 
the pelitic rocks garnet and biotite probably have been produced by reaction 
between iron-rich chlorite, muscovite, and quartz. Mineral assemblages of 
pelitic rocks in the garnet zone are depicted in Figure 2a. Coarse sediment­
ary and volcanic clasts are preserved in rare beds in the garnet zone, but 
in general the rocks are coarse-grained phyllites or fine-grained schists 
with schistose or granoblastic textures.
Andalusite zone. The andalusite isograd marks the first appearance of
andalusite in the pelitic rocks. In the Appleton Ridge Formation, which
occupies the tract of andalusite-grade rocks distinguished on Figure 1, 
staurolite appears about at the andalusite isograd. It appears that the 
reactions:
chlorite + muscovite + garnet — ► staurolite + biotite + quartz 4- H^O (2)
chlorite 4- muscovite + staurolite + quartz — ► andalusite 4* biotite + 1^0 (3)
occurred at about the same conditions of P, T, and aH00. In more magnesian 
rocks the andalusite isograd probably marks the reaction:
3 chlorite 4- 7 muscovite 4- quartz — » 13 andalusite + 7 biotite 4- 18 1^0 (4)
in which the chlorite is more magnesian than the chlorite of reactions (2) and 
(3). The mineral assemblages of pelitic rocks in this zone are represented in 
Figure 2b. The assemblages with staurolite are restricted to the Appleton 
Ridge Formation. There is a significant component of spessartite in the 
garnet of the common assemblage:
quartz-muscovite-biotite-gamet-staurolite-andalusite
(Table 3). Green (1963) and Osberg (1971) have discussed the occurrence and 
meaning of "extra phases" on Thompson projections.
Inconsistent mineral assemblages are indicated in Table 1 for marbles in 
the middle of the andalusite zone. In these marbles the reaction:
5 dolomite 4- 8 quartz 4- H^O — ► tremolite 4- 3 Calcite 4- 7 CO 2  (5) 
was dependent on the local relative activities of CO 2  and The reaction:
tremolite 4- 3 Calcite 4- 2 quartz — 5 diopside 4- 3 CO 2  4- H^O (6) 
was dependent on the local permeability of the rocks to escaping C0? and H^O.
Pelitic rocks in the andalusite zone are moderately or strongly schistose. 
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Lower sillimanite zone. The sillimanite isograd marks the first appearance 
of sillimanite in the pelitic rocks. It appears first as fibrolitic silliman­
ite that is generally too rare and fine-grained to detect in hand specimens.
It is likely that most of the fibrolitic sillimanite was produced by the 
reaction:
A-l
almandine + muscovite 2 sillimanite + biotite + quartz (7)
Fibrolitic sillimanite may have been produced in some of the rocks by 
reactions such as:
6 staurolite + 4 muscovite + 7 quartz illiraanite
+ 3 H20 (8)
staurolite + muscovite + quartz sillimanite + almandine + H^O (9)
Andalusite survives the first appearance of sillimanite and is in fact the 
predominant aluminum silicate throughout the lower sillimanite zone. The 
presence of andalusite and the almost complete absence of coarse sillimanite 
H i stincmish the lower from the uooer sillimanite zone.
The
and
rocks in the lower sillimanite zone 
The restriction of staurolite to the
Formation in both the andalusite and the lower sillimani
than
zone is probably due to the low manganese and calcium content of i 
in comparison with the other schists of the area. Analysed g a m e  
Hogback Schist (629 in Table 3) has a greater spessartite content 
garnet from the Appleton Ridge Formation (57, 54, 1129a in Table i
rocks such as the Hogback Schist, the assemblage (with quartz and muscovite):
biotite-alraandine(Mn-rich)-andalusite±sillimanite
In
is stable relative to the assemblage:
biotite-alraandine(Mn-poor)-staurolite±andalusite±sillimanite
Formation Tho
projections for the lower sillimanite zone in Figures 2c and 2d are not
an
to Figure 2d.
lower sillimanite zone are schistose and 
andalusite zone.
Upper sillimanite zone. The lower and upper sillimanite zones are sep­
arated by an isograd that marks the appearance of abundant coarse sillimanite 
in the pelitic rocks. Insufficient data for the subdivision of the sillimanite 
zone exists in the Brooks Quadrangle. Because andalusite is rare in the
10
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upper sillimanite zone, it appears that the coarse sillimanite formed by 
inversion of andalusite. Fibrolitic sillimanite is common in the pelitic 
rocks of the upper sillimanite zone. Figure 2d represents the mineral 
assemblages of these rocks. Their textures are granoblastic or gneissic.
Sillimanite-K feldspar zone. The sillimanite-K feldspar isograd 
encompasses all localities where sillimanite and microcline occur together.
It was necessary to study thin sections to locate the isograd. All of the 
specimens with microcline and sillimanite also contain prograde muscovite. 
Microcline has been produced in the sillimanite-bearing rocks of this zone 
by the reaction:
muscovite + Na-plagioclase + quartz — ► sillimanite + K-Na-feldspar
+ h 20 ' (10)
This reaction is dependent on the bulk composition of the rocks and has 
been studied by Evans and Guidotti (1966). Fibrolitic sillimanite is 
common in this zone. In one specimen there is andalusite together with 
coarse sillimanite. Mineral assemblages of these rocks are represented in 
Figure 2e. Cordierite first appears in pelitic rocks in the sillimanite-K 
feldspar zone. The cordierite is restricted to sulfidic rocks in which iron 
is incorporated in pyrrhotite or pyrite. The bulk composition of these rocks 
is effectively enriched in magnesium. The pelitic rocks of the sillimanite- 
K feldspar zone have granoblastic or gneissic textures.
Inferences about the Rate of Heating During
Prograde Metamorphism
It is likely that the prograde metamorphlsm was caused by rapid heating. 
Probable disequilibrium not related to retrograde metamorphlsm characterizes 
many of the rocks. In particular, andalusite predominates in the lower sill­
imanite zone and persists into the sillimanite-K feldspar zone. The garnets 
of Table 3 are both regularly and irregularly zoned. Electron microprobe 
analyses indicate that pyroxenes and particularly amphlboles of metamorphic 
origin are not homogeneous in their distribution of Si-Al and Mg-Fe. Further­
more, the primary igneous minerals of metamorphosed mafic intrusive rocks 
(Bickel, 1971) are by far the best preserved in the sillimanite-K feldspar 
zone. This would be unlikely if these rocks had passed slowly through con­
ditions of the lower metamorphic zones.
Retrograde Metamorphlsm
In the Belfast Quadrangle some of the prograde metamorphic minerals have 
been replaced by hydrous minerals characteristic of lower metamorphic grades.
11
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Generally such replacements have occurred only southeast of the southeastern 
tract of the garnet zone. The area of most intense retrograde metamorphlsm 
is outlined on Figure 1. This event has affected a majority of the pelitic 
rocks and many of the mafic rocks, but has had little effect on marbles, calc- 
silicate granofelses, and biotite gneisses. The nature of mineral replacement 
during retrograde metamorphlsm is summarized in Table 4-* Oligoclase or more 
calcic plagioclase is not replaced by albite and clinozoisite. The assemblage 
quartz-muscovite-chlorite-microcline, representative of the chlorite zone, was 
not produced by the retrograde metamorphlsm. These facts, together with the 
spatial relationship between chloritization of biotite and Sericitization of 
aluminum silicate in retrograded pelitic rocks suggest that retrograde meta­
morphism occurred under conditions of the garnet or biotite zone. Garnet has 
been only sparingly replaced by chlorite in the retrograded pelitic rocks. 
Perhaps the replacements took place in the biotite zone and garnet was pre­
served due to kinetic constraints.
Retrograde metamorphlsm may have occurred during cooling or reheating of 
the rocks following the major prograde metamorphic events. It consisted of 
local, partial re-equilibration , at lower temperature, of the high-grade 
rocks in the southern part of the area. It was promoted by the local re- 
introduction of considerable aqueous fluid.
12
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0 Assemble in the center of Plymouth, with cars facing south 
on Route 7 at its intersection with Route 69. The assembly 
point is across from the Village Store and Post Office. 
Starting time 9:00 A.M. Proceed south on Route 7.
200 ft Turn right on hardtop road with no route number. Cross 
Martin Stream, which drains Plymouth Pond.
0.4 Continue straight, following sign for Round Pond.
1.4 Enter Brooks Quadrangle.
1.9 At crossroads turn left on unpaved road, again following sign 
for Round Pond.
2 . 6 Round Pond is to the left. Continue straight.
3.6 Enter Waldo County (no road sign).
4.2 Park along the road, beyond the white house with 
green trim.
To the left are polished pavement outcrops of the Kenduskeag 
Formation in the chlorite zone. NO HAMMERING IN AREAS WITH
POLISHED SURFACES, PLEASE, 
is thin-bedded slate. Tops are to the southeast.
The northern part of the outcrop
South of a
75 foot covered section is a whitish-weathering unit, predom-
Here bedding features 
Further south is
inately of slate, that appears massive, 
have been nearly obliterated by shearing 
unpolished pavement of thin-bedded slate. The mineral assemb­
lage quartz-albite-rauscovite-chlorite-ankerite characterizes 
all of these rocks. Open folds of the bedding and slaty 
cleavage are associated with a slip cleavage. Veins of
quartz, Calcite, and 
cleavage.
inor ankerite are parallel to this slip
Return to cars promptly. Continue south
4.5 Cross power lines.
6.1 Road becomes paved.
6 . 2 Continue straight on paved road
6.6 Continue straight (south) through crossroads. Road becomes 
unp ave d .


















Turn left on Route 9 and U.S. Route 202 at Troy. Continue 
east on Route 202 until Stop 2.
Good outcrops of the Vassalboro Formation in the chlorite zone.
Good outcrop of Kenduskeag 
Enter Penobscot County.
Cross Route 7 at Dixmont
Dixmont Town
just before the power lines. Walk about 150 feet west 
on Route 202 to the second woods road running north. Follow 
this road about 200 feet to a pavement outcrop near the power 
lines.
and
Formation These rocks are
in the chlorite zone near the biotite isograd.
Follow the power lines back to Route 202, passing more outcrops 
of quartz wacke. Walk 350 feet east to the road cut at the 
junction of Route 202 and Garland Road.
Here quartz wacke alternates with thin-bedded black slate. In 






Analyses of the ankerite and siderite in this slate ap 
in Table 2. The quartz wacke contains quartz, albite,
ankerite, and
Return to cars. Garland
Turn right on unpaved Garland Road. 
Continue straight on improved road. 
Cross power lines.
Turn right at crossroads.
Cross power lines.
Bear right (south) at road junction. 
Road curves sharply right.
Road curves sharply left.
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18.8 Road becomes paved.
19.6 Bear left on paved road and slow down.
19.7 Stop 3 . Park along road. We will study outcrops along the
road from the granddaddy pine to the road junction.
The Vassalboro Formation (?) is here in the middle of the 
biotite zone. Biotite generally is more abundant than musc­
ovite in these rocks. Folded laminations in the quartzose 
beds are lithologic layers that developed parallel to an 
early cleavage. They are easily confused with bedding 
features. Biotite lies in a schistosity parallel to the 
axial planes of the folds. In beds of mica schist the 
biotite forms conspicuous porphyroblasts. There are a few 
punky-weathering beds that contain Calcite. Carbonate 
minerals are less abundant in these outcrops than is typical 
of the biotite zone. Megascopic ankerite is restricted to 
quartz veins, but rare, microscopic ankerite is present in 
some of the mica schist. The opaque minerals are magnetite 
and pyrrhotite.
Return to cars. Proceed south.
A-l
21.3 Cross brook.
21.5 Road ends. Turn left (east) towards Jackson.
21.7 Turn right (south) on unpaved road. You are in Jackson.
22.4 Road becomes paved.
23.5 Stop 4 . (Optional stop) Park along the road beside a dark
outcrop at the edge of the woods east of the road.
This black, garnetiferous schist belongs to an unnamed, thin 
unit of metavolcanic rocks in the garnet zone. In addition to 
abundant biotite and garnet, the rock contains quartz, plagio­
clase, Calcite, rare hornblende, probable clinozoisite, and 
what appears to be metamict sphene.
Return to cars. Proceed south.
25.1 Proceed straight across Route 139 onto unpaved road.
25.7 Cross stream.
26.0 Turn right on paved road.
26.4 Cross railroad.





28.8 Follow main road curving to right.
29.7 Stop 5 . Park along road, leaving room for infrequent traffic. 
Pavement outcrops are to the left of the road. The Passagass- 
awakeag (Knox) Gneiss is in the northwestern tract of the 
sillimanite-K feldspar zone. Lithologic layering interpreted 
to be bedding is much better preserved in these outcrops than 
is typical of the Passagassawakeag Gneiss. Most beds essent­
ially consist of quartz, plagioclase, and biotite. Slightly 
more aluminous beds also contain minor muscovite, fibrolitic 
sillimanite, and microcline. Muscovite has incompletely 
reacted with quartz and plagioclase to produce sillimanite 
and microcline. The microcline forms porphyroblasts in quartz- 
plagioclase layers closely associated with the sillimanite, 
which is intergrown with muscovite and biotite. The core of 
a southwest-plunging, isoclinal synform is occupied by an 
unusual bed of homblende-gamet granofels. This rock contains 
sphene and abundant calcic plagioclase and quartz. The folia­
tion is folded here and elsewhere in the outcrop. Micas have 
not recrystallized parallel to the axial planes of these folds. 
NO HAMMERING IN AREAS WITH STRUCTURES, PLEASE. Weakly foliated 
granitic rocks (quartz-plagioclase-biotite) form pods. Augen 
gneiss is rare here, but common elsewhere in the Passagassawa­
keag Gneiss.
Return to cars. Proceed south.




These outcrops together display the entire range of lithology 
and texture of the Passagassawakeag Gneiss in the sillimanite- 
K feldspar zone.
3A.1 Follow Route 131 to the right.
35.A Continue through crossroad on Route 131.
36.7 Bear right (south) on Route 1A1. Swan 
Continue south on Route 1A1 to Stop 6.
38.A Enter Belfast 7^ and 15 minute Quadrangles.
39.A Format
39.8 Stop 6 . Park along highway, north of the Belfast City 
Boundary.
1
To the east are spectacular road cuts of the Bucksport Form­
ation in the lower sillimanite zone. Lithologic layering 
here and elsewhere in the Bucksport Formation is much less 
strongly folded than is bedding of other rocks in the Belfast 
area. For this reason, some geologists believe that the 
lithologic layering here is not bedding, but is a composit­
ional layering parallel to the axial planes of isoclinal 
folds. Beds (?) of biotite granofels (55 %), calc-silicate 
granofels (44 %), and biotite schist (1 %) are present.
Most of the biotite schist is sulfidic and weathers rusty.
The long axes of calcic amphibole plunge gently to the south­
east. The minerals quartz, andesine or labradorite, micro­
cline, biotite, calcic amphibole, diopside, clinozoisite, 
Calcite, and sphene are all found in the Bucksport Formation 
in the andalusite and the sillimanite zones. Calcite and 
clinozoisite are not abundant, however, and generally Calcite 
and diopside are absent from layers with biotite and micro­
cline. The rocks of the Bucksport Formation belong to the 
calcic-aluminous compositional group, and thus are approxi­
mately the high-grade equivalents of the rocks we saw at 
Stops 1, 2, and 3. Both the granitic and pegmatitic dikes 
have a pinch-and-swell structure. The granitic dikes are 
concordant and are unfoliated or very weakly foliated. The 
pegmatitic dikes are unfoliated, discordant, and they cut 
the granitic dikes. The largest granitic body contains an 
irregularly-shaped pegmatitic phase within which there are 
graphic intergrowths of quartz and black tourmaline.
Return to cars. Continue south.
A-l
40.1 Another good outcrop of the Bucksport Formation.
43.5 Turn right on Route 3 and U.S. 1, crossing the Passagassawa-
keag River and by-passing Belfast.
44.9 Turn right on Route 3, heading west.
49.1 Enter Belmont.
49.4 Outcrop of muscovite-chlorite-biotite phyllite belonging to
the Appleton Ridge Formation in the garnet zone.
50.5 Enter Morrill minute Quadrangle.
51.2 Turn left at Belmont C o m e r  on Route 131, heading southwest.
52.5 Stop 7 . Park along road beside outcrop (on right) of bedded
phyllite and micaceous quartzite.
The Appleton Ridge Formation here is exposed in the garnet zone,
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but garnet is rare in this outcrop and in most of the Appleton 
Ridge Formation at this grade. The rocks are composed prim­
arily of quartz, muscovite, and chlorite with rare porphyro­
blasts of biotite that give them a spotted appearance. Graded 
beds suggest that tops are to the northwest. The nearly 
vertical schistosity is crenulated.
Return to cars. Continue southwest. Stay on Route 131 until
mile 56.1.
53.4 Enter Searsraont 7^ minute Quadrangle.
54.6 Continue straight, joining Route 173.
55.5 Cross St. George River and enter Searsraont.
55.6 Continue straight (southwest) uphill on Route 131, leaving
Route 173.
56.1 Leave Route 131. Continue straight uphill on unpaved Appleton
Ridge Scenic Drive. You will pass numerous outcrops of staur­
olite schist belonging to the Appleton Ridge Formation in the 
andalusite zone.
57.1 Stop 8 . Park along the road about 200 feet beyond the hill
crest and new house. Pavement outcrops of the Appleton 
Ridge Formation in the andalusite zone are to the right of 
the road. There is nothing of interest to geologists in the 
BLUEBERRY FIELDS; PLEASE KEEP OUT of them.
There are no reliable indications of the topping direction 
of the bedding. Staurolite schist is interbedded with mica­
ceous quartzite. Staurolite, garnet, and biotite porphyro­
blasts are conspicuous. Tourmaline and poikiloblastic anda­
lusite are much more difficult to discern. Biotite and staur­
olite have been partly replaced by iron-rich chlorite during 
retrograde metamorphism. Many of the quartz veins and pods 
contain pink andalusite. Staurolite is concentrated at the 
borders of some of the quartz veins. The schistosity is 
crenulated.
Return to cars. Continue southwest.
A-l
57.3 Turn left and descend the ridge.
57.7 Continue straight across Route 131 and across the St. George
River at Ghent, where there are phyllites of the Appleton
Ridge Formation in the garnet zone.
58.9 Turn left.
59.2 Turn right at Knights Corner on Moody Mountain road.
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59.6 Do not confuse this first outcrop on the left with our next
stop.
59.8 Stop 9 . Park along road, beside an inconspicuous, gray
outcrop to the left.
This spotted schist of the Jam Brook Formation belongs to 
the andalusite zone, but it has been extensively retrograded. 
The spots are decussate aggregates of sericitic muscovite, 
quartz, tabular chloritoid, and minor chlorite. The chloritoid 
tends to be concentrated at the borders of the spots. These 
minerals have almost completely replaced andalusite, which 
survives in the cores of some spots. Biotite has been partly 
or completely chloritized. Garnet has ragged grain boundaries; 
it may have been partly replaced by quartz and muscovite. But 
there has been very little, if any replacement of garnet by. 
chlorite. Quartz veins are oriented parallel to a slip cleav­
age that is older than the retrograde metamorphlsm of the 
rock.
Chloritoid is absent from the prograde metamorphic rocks of 
the Belfast area. It was produced during retrograde meta­
morphlsm only where there were local compositions high in 
alumina. These locations are the sites of aluminum silicate 
minerals that grew during prograde metamorphlsm when chlorite 
and muscovite (igamet) reacted to give aluminum-rich minerals 
and biotite. Compare the topology of Figure 2a with Figures 
2b, 2c, 2d, and 2e.
Return to cars. Turn around and proceed north. (Road log 
assumes that you turned around at the outcrop.)
60.3 Continue straight on Moody Mountain Road.
62.1 Turn sharp right on Muzzy Ridge Road. (This turn is before
Moody Mountain Road reaches Route 131, a few hundred feet to 
the northwest.) Proceed southeast up Muzzy Ridge.
63.5 Stop 10. (Optional stop) Park along road beyond ridge crest
beside dark, ribbed outcrop under telephone pole to the left 
of road. NO HAMMERS.
These metamorphosed mafic volcanic rocks belong to the Muzzy 
Ridge Lentil of the Appleton Ridge Formation. They are weakly 
schistose and are exposed in the garnet zone. They are comp­
osed primarily of cummingtonite and garnet (similar to analysis 
406 in Table 3), but also contain hornblende, quartz, plagio­
clase, biotite partly replaced by chlorite, graphite, and 
pyrite. The northeast-plunging folds end abruptly at shear 
planes.




63.7 Continue straight. Levenseller Mountain, to the southeast,
is underlain by retrograded andalusite schist. Moody 
Mountain, to the south, is underlain by retrograded silliman­
ite gneiss.
65.4 Road curves sharply left.
65.8 Turn right on Route 173. Continue on Route 173 to mile 68.7.
66.2 Levenseller Pond is to the right. The area around the pond
is underlain by granitic rocks.
66.6 Continue straight on Route 173.
66.9 Enter Lincolnville 7^ minute Quadrangle.
68.7 Lincolnville Center. Continue straight.
68.8 Turn right on Route 235 and slow down.
68.9 Stop 11. Park along road beside rusty-weathering outcrop on
right, from which a telephone pole has sprouted, bringing up 
fresh rock.
Pyrrhotitic gneiss of the Penobscot Formation is in the silli- 
manite-K feldspar zone. Both fibrolitic and imperfectly orient­
ed coarse sillimanite are abundant. The rock also contains 
muscovite, microcline, biotite, quartz, and plagioclase.
Garnet is rare in the Penobscot Formation at all metamorphic 
grades because in these rocks considerable iron resides in 
pyrrhotite or pyrite.
Return to Orono via Route 52, which runs from 
Center to Belfast.
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